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EXECUTIVE SUMMARY

The main branch of Junction Creek flows for 52 klometres from its headwaters downstream of Garson Mine
to its outflow into McCharles Lake, which then joins the Vermillion River, as a major tributary. The Junction
Creek Subwatershed consists of an area of 320square kilometres, the majority of which lies within the City
of Greater Sudbury (CGS), composed of 55% forested area, 9.1% wetland, 13% water, 5% field, 8.4% rock
and a remaining 10.4% developed area (City of Greater Sudbury 2013). Two major Conservation Sudbury
(CS)flood control structures exist along Junction Creek tributaries (Maley and Nickeldale) to assist with
runoff collection and flood attenuation. While flood control has been greatly improved through the
installation and operation of these structures, there are still areas of low relief susceptible to flooding.

The Junction CreekSubwatershed groundwater flow , in general, mirrors topography with the potentiometric
surface of the shallow aquifers following similar flow paths of the surficial drainage. There are three very
distinct groundwater aquifers/flow systems within the Junction Creek Subwatershed: 1) the unconfined
bedrock aquifer exposed at the ground surface along the valley flanks, which provides recharge conditions
at several locations; 2) the confined or semiconfined glacial outwash deposits that are overlain by finer
grained deposits at surface and are dominated by groundwater discharge zones; and 3) the unconfined
Wanapitei Esker deposits. The Wanapitei Esker presents a high recharge potential however, the same
characteristics allow for the exposure of the aquifer, and thereby the municipal water supply within this
area, to greater risks of contamination.

The underlying bedrock within the Study Areais comprised mainly of the Huronian Supergroup, with the
Elliott Lake Group in the Southwestern parcel, while the Northeastern parcel is comprised primarily of the
Hough Lake and Nipissing Gabbro groups, and secondarily Felsic intrusive rocks.

Land cover estimation supporting various aspects of the overall study was categorized into three groups:
1) impervious cover was calculated as consisting of water and infragructure; 2) semi-pervious cover as
bedrock and tailings; and 3) pervious cover as all other surficial cover types (forests, wetlands, sand and
gravel, etc). The three land cover types make up the following percentage of the total area within the
Junction Creek Subwatershed 25.4% impervious, 50.3% semipervious, and 24.3% pervious.Nepahwin and
Robinson subwatersheds hold the highest percent of impervious area, while Copper Cliff, Frood Stobie and
Central Tailings areas containthe lowest percent of impervious areaand the highest semi-impervious area.
The high percentage (by surface area) of low permeability surfaces has several implications on the water
flow and flooding, during certain times of year and storm conditions.

Areas dominated by impervious surfaces can lead to increased contaminants in waterbodies due to overland
flow. This may be reflected in the consistently high concentrations of copper, nickel, cadmium and zinc in
the water samples taken within the Frood Branch. High contaminant levels in turn affect benthic
macroinvertebrate and fish communities. The upper, middle, and lower sections of the Junction Creek
Subwatershed offer a variety of aquatic habitat types that support a variable fish and benthic community.
Gernerally, aquatic habitat conditions are considered to be good throughout the upper subwatershed and
deteriorate moving downstream to the lower subwatershed , where water quality and habitat conditions are
more impaired.
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Riparian cover was found to be generally lacking throughout the Study Area, which correlates to the
evidence of erosion or active erosion sites within all reaches included in the geomorphological assessment
conducted in May of 2017. Vulnerable areas such as riparian zones, especially thosehiat are currently in an
unfavourable condition, and have the potential to be further impacted through increasing climate change,
as well as development and the everpresent mining industry in Sudbury.

The CGShas already experienced an overall increasen temperature and precipitation between 1956 and
2008, and is expected to experience similar climate changes as elsewhere in Ontariaddowever, Sudbury has
been proactive when it comes to climate change through the production of numerous studies reviewing
climate change issues in the area, the presence of various active climate change groups, and numerous
initiatives by the CSand CGS to manage the effects of climate change.lt is noted that the climate change
recommendation of the Stormwater Background Study has so far not been implemented by the CGS.
However, given the extent of flooding within the Junction Creek Subwatershedupstream of the Box Culvert,
it is necessary to consider new development policies which improve upon the existing condition. It is
documented that precipitation is anticipated to increase and, by extension it can be surmised that any
stormwater runoff issues (e.g., surcharging, flooding, etc.) will be exacerbated. However, the magnitude of
the anticipated influence of climate change on precipitation is steeped in uncertainty with future projections
ranging from minimal increase to almost a 250% increase. This range represents a significant challenge to
the municipality to understand and integrate into its planning decision making process . And beyond the
review of technical issues, a review of projected rainfall scenarios will also require discussion of community
risk tolerance levels and the fiscal realities of attaining a defined level of service in this context. This indepth
review and analysis are more than can be completed within the work scope for a subwatershed study.
However, it is recommended that this detailed review and analysis be completed as a component of the
municipalityds climate adaptation strategy and integrat
as relevant.

Following the characterization of the Subwatershed, the Stormwater Management (SWM) Master Plan was

prepared in accordance with the Municipal Class Engine
(Class EA) proceduresThe Master Plan has adoptedApproach #2 from the 2007 MEA Class EA Document.
Under Approach#2, t he Master Plan fulfills the Municipal Cl ass

the final public notice for the Master Plan becomes the Notice of Completion for the recommended
stormwater management projects.

The SWM MasterPlan has been managed by aCGSProject Manager and a Committee comprised of several
Municipal Departments. This Committee provided guidance on Project priorities, local issues/needs, and
general overall direction with respect to the Study deliverables.In addition, the Project has received insight
from a Technical Advisory Committee comprised of representatives from the CGSand CS

A hydrologic model of the Subwatershedwas created using the PCSWMM modelling platform. The model
conducts both a hydrologic analysis of runoff within the Subwatershed and a hydraulic analysis of the
capacity of Junction Creek.The hydrologic model was used to characterize the existing condition within the
Junction Creek Subwatershedwith respect to peak flow along the creek and tributaries, and storage levels
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within key Subwatershed features such as lakes and the Ponderosa wetlad. In order to confirm that the
model produces reasonable results, existing flow monitoring data from the Water Survey of Canada was
utilized along with rainfall data fromthe CG® s Davi d St. Water Treat ment
model.

Basedon the hydrologic analysis, an updated HEGRAShydraulic floodplain model of Junction Creek and
identified tributaries was created. The HEGRAS modelling platform allows for the computation of water
surface elevations along Junction Creek and its varioustributaries to be established for each of the design
storm events. The hydraulic model was used to gauge the sensitvity of the floodplain to each major bridge
and/or culvert crossing, in order to identify and prioritize crossings for improvement.

An assessment of the CGD st sewen (3000 millimetres) networks was conducted utilizing the PCSWMM
modelling platform to conduct hydrologic (flow) and hydraulic (capacity) assessments. The assessment of
the minor system (trunk storm sewers) was conducted under a 5-year design storm event standard. The
results of this assessment have indicated that there are several storm sewers with capacity issues
surcharging (water levels above the sewer but below the surface) and flooding (water levels above the
surface). These areas appear to be primarily concentrated in older areas of the CGS patrticularly the Flour
Mill area. The assessment of the major system (roadways) has been condued under the more significant

1in 100-year storm event standard. The results of the roadway assessment have indicated thatall the areas
analyzed would be susceptible to some surface flooding during the 1 in 100-year storm event, which is
generally consistent with current practice for drainage systems. However, the results further indicate that

most areas analyzed would be susceptible to flooding to depths above typical curb height (0.15 metre), and
thus extend beyond the road right -of-way for a portion of the network. The most significant flooding depths

are anticipated to occur at roadway sag points, where a lack of positive surface drainage means that
drainage is limited to the minor system.

A long list of potential alternatives has been considered in this study in order to address the previously
noted capacity issues within the minor and major systems. A total of 9 options have been advanced to
preliminary conceptual design for consideration, including storm sewer upgrades, quantity control facilities
(flood storage areas), diversion of flood water, restoration and reprofiling of Junction Creek, and other
hydraulic improvements such as Natural Infrastructure.A cost-benefit evaluation for these types of studies
and variety of options is not possible given the number of variables at this high -level scale of study. While
costs are comparatively easy to compare, thebenefits of each option are not easily derived nor comparable.
In Section 11.3.13, a high-level comparison of these options was presented, and a preferred numeric
ranking was given for consideration with the purpose to help the CGS with the selection of potential options
to pursue in the short, medium, and long term. A summary of the results of this comparison is presented in
Table 1.
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Table 1: Option Evaluation Summary
Approx. Class Total
. Storage Estimated | Environmental Score as
. Project Proposed
Option Descrintion Volume Cost Assessment per Rankin
P (cubic (Millions) Process Section 9
metres) Schedule 11.3.13
A Garson Facility 25,400 $2.6 B 45 6
B1 Twin Forks 6,200 $5.6 B 48 5
Facility
B2 Maley Branch 54,800 $4.0 B 57 3
Facility
c | L@salleBlvdand 77,500 $13.1 B 49 4
Railway Facility
D Nickeldale 10,000 $1.9 B 57 3
Facility
E Ponderosa 367,500 $24.2 Individual 32 8
Diversion
F Gravel Pit 301,000 $28.2 B 34 7
Diversion
Creek
G Restoration and N/A $8 - $10 B 63 2
Reprofiling
H Re-greening N/A $1 B 66 1

It is important to note that Option H resulted with the higher estimated score, and together with  Option G,
should be considered to be implemented in the near future. Natural Infrastructure, such as the re-greening
initiatives, have had hydraulic benefits by reducing the runoff generation potential and improving the
infiltration and retention of precipitation. The reduction in runoff generation also has positive effects on the
environment reducing potential erosion and transport of pollutants to the creek through drainage
infrastructure. While having major direct benefits to the ecosystem over the past 40 years (i.e., diverse
vegetation and wildlife habitat in the region), re -greening has also supported the reduction of runoff to
drainage infrastructure by converting a portion of the historical bare bedrock to a topsoil and tree cover.

Finally, the following general practises and recommendations should be encouraged and incorporated into
resulting projects and programs where possible:

1 Collaborating with local experts in the environmental and restoration fields;

1 Constructing water quality monitoring stations and data -logger probes with new rain/flow gauges
for continuous readings of target parameters;

1 Creating Brook Trout habitat features;

1 Conducting enhanced re-greening in riparian areas;
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Deterring beavers using tree guards and planting unfavourable tree species;

Implementing sediment catch basins (Jellyfish for flood management;

Completing low impact development and green infrastructure projects;

Installation of trash booms in identified sites;

Dispersing educational resources regarding creekfriendly practices to residents and private
business owners adjacent to Junction Creek and

Providing public educational programs and stewardship activities related to water quality and
guantity management.
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1.0 INTRODUCTION

1.1 Study Overview

Wood Environment & Infrastructure Solution, a division of Wood Canada Limited (Wood) was retained by
the City of Greater Sudbury (CGS) to prepare a Subwatershed Study and Stormwater Master Plan for the
Junction Creek Subwatershed in Sudbury, OntarioT h e 0iJounn cGr eek Subwater shed
Aread refers t opresehted indAppendik M.erdmsayrLaka and itssubwatershed are located
within the Junction Creek Subwatershed however, that area is not included within the scope of this Study
and is instead the focus of a separate, individual subwatershed study. Therefore, specific data pertaining to
Ramsey Lake and the lakes and streams within itsubwatershed are not presented here.

The main intent of the Study is to establish measures to protect, maintain and enhance surface and
groundwater quantity and quality through the implementation of integrated strategies and policies to
support the realization of a practical and executable management plan.

As per the Terms of Reference (TOR), the main objectives of this Study aréo:

i. Protect and manage quantity and quality of surface water and groundwater resources;

ii. Mitigate or minimize the risk of flooding and erosion in the Subwatershed:;

iii. Preserve naturd hydrological and hydrogeological systems;

iv. ldentify the aquatic, wetland and terrestrial resources that should be protected or enhanced,;

v. Produce an implementation plan and identify specific projects needed to achieve the goals
identified by the Subwatershed Study;

vi. Provide recommendations for the responsible management of the ecosystem on a subwatershed
level;

vii. Develop a monitoring plan, including key indicators needed to assess the measures implemented
to allow for adaptive management and to guide future ac tivities in the subwatershed; and

viii. Develop a reporting plan to communicate the results of the study, plan implementation, monitoring
and future activities.

1.2 Process Summary
The main phases per the scope of work for this Study are as follows:

i. Existing Information Review and Data Collection;

ii. Characterization/Analysis;

iii. Alternative Subwatershed Management and Stormwater Master Plan Strategies, and
iv. Recommended Subwatershed Management and Stormwater Master Plan.

As a first step, the Wood Study Team completed a desktop review of current studies and data as well as
gathered information made publicly available, the results of which were summarized in a report titled
Background Charaderization, dated April 2017 (Amec Foster Wheeler 2017. The report summarizes
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information collected and reviewed and defines data gaps. Additionally, the Study Team completed a
characterization of the Study Area with respect to the applicable disciplines (i.e., Terrestrial and Aquatic
Systems, Surface Water (Hydrology/Hydraulics), Water Quality, Groundwater and Stream Morphology) as
well as an analysis of environmental issues, constraints and opportunities for restoration and development.
ThisBackground Characterization of the Study Subwatershedhad been updated and included in the current
report as Section 3.

The Study Team hasused the information presented in the Background Characterization Report to evaluate
the impacts on surface water, groundwater, and subsequently the potential impacts to the area features
and biota (i.e., terrestrial and aquatic ecology and stream morphology). An identification of Opportunities

and Areas of Concern is presented inSection 4, and Section 5 coversthe Land Use Planning

As part of the Subwatershed Study and Stormwater Master Plan process the data collected through the

background study was used to create an overall hydrologic model of the Subwatershed, as described in

Section 6. The hydrologic model was then used to create ariverine floodplain model of Junction Creek and

selected tributaries, as summarized inSection 7. To support Stormwater Master Planning, a dual drainage
model of the trunk sewer networks and associated overland flow routes was created. Based on the results
of the floodplain and dual drainage model analyses, various Stormwater Master Plan alternatives are
identified in Section 8. Subwatershed Management and Stormwater Master Plan alternatives for water
quality are presented in Section 9.

A summary of the consultation-related activities and outcomes are described in Section 10. Furthermore,
the report provides a detailed summary of several Stormwater Master Plan options, which are evaluated in
accordance with the Municipal ClassEnvironmental Assessment EA) process, described inSection 11. The
report also outlines the recommended Subwatershed Management and Stormwater Master Plan for the
Junction Creek Subwatershed Study Areaincluding monitoring and implementation plans, in Sections 12
and 13.

1.3 Preliminary Goals and Objectives
The main goal of the Junction Creek Subwatershed Study and Stormwater Master Plan is to develop a long
term plan that will provide policy and management actions to protect, maintain and enhance the surface
water, groundwater and natural resources of Junction Creek and its tributaries.
The objectives of the Junction Creek Subwatershed Study and Stormwater Master Plan include the following:
Water Quality

1 Improve surface water and groundwater quality.

1 Minimize pollutant loadings to surface water and groundwater.
1 Improved aesthetics of Junction Creek and its tributaries.
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Water Quantity

1 Preserve and reestablish the natural hydrologic processes to protect, restore, and replenish surface
water and groundwater resources.

1 Reduce the impacts of erosion on aquatic and terrestrial habitats and property.

1 Minimize the threats to life and property from flooding.

Natural Environment

1 Protect, enhance and restore natural features and functions of wetlands, riparian and ecological
corridors.
1 Improve warmwater and coldwater fisheries as appropriate.

2.0 DATA COLLECTION AND FIELD INVESTIGATIONS

2.1 Historical Datasets and Reports

During the first phase of this Study, the Study Team completed a desktop review of current studies, data
and publicly available information in order to create a list of available data and determine which information
is lacking and necessary to complete the Junction Creek Subwatershed Study and Master PlanThe data
gaps were assessed and used to determine the necessary field investigations which would ned to be
completed in order to address these gaps. The consolidation, review and summary of the existing
information in the Study Area relevant to this Study was conducted and the findings are presented in
Section 3.

As part of the Existing Background Characterization Report (Amec Foster Wheeler 2017, various parties
were contacted who have ownership of relevant data, studies, and reports to request access and use of this
information for the purpose of completing this Study. Titles of reports and information obtained from other
parties are summarized in a Data Tracking Chart Appendix A : Table Al), which includes the data owner,
data provider and details of the data request. Data owners and providers consist of: Juncton Creek
Stewardship Committee (JCSC), Vale Canada Limited, Cooperative Freshwater Ecology Unit (CFBEWipistry
of the Environment, Conservation and Parks (MECP, formerly known aMinistry of the Environment or MOE),
Conservation Sudbury (CS formerly known as the Nickel District Conservation Authority or NDCA),
Vermillion River Stewardship (VRS) CGS and Laurentian University.

Categories of data recorded in the Data Tracking Chart are as follows:

i. Data: rainfall, runoff, natural heritage, surveys (culvertsand bridges), soil reports, and water quality;
. Mapping: topographic, aerial, LiDAR, and drawings;
iii. Land use: official plan (OP), secondary, infill/intensification, and imagery;
iv. Models: hydraulics and groundwater;
v.  Studies: groundwater (source), stormwater management, natural systems, miscellaneous studies
and reports;
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Vi. Infrastructure: storm sewers, dam drawings, overland systems, creeks/bridges, stormwater
management facilities, asbuilt drawings; and
Vii. Contacts: agencies, stakeholderslandowners, non-governmental organizations (NGOs), and special

interest groups.

In terms of available data and information, it is evident that considerable sources in various forms exist for
this system. Notwithstanding, much of these data are from various citize n groups or NGOs andhence have
been collected using varying standards and protocols. Where information from these sources has been used
in system characterization, it has beenacknowledged, otherwise it has been noted as available with the
potential for future use in subsequent stages of planning and design within the Junction Creek
Subwatershed possible.

It was determined that sufficient data was available to complete the characterization of the natural heritage
system with regards to aquatic and terrestrial habitat as well as fish and benthic invertebrate communities.
Additionally, some data gaps were identified regarding both the surface water and groundwater quality of
the Junction Creek Study Area.

With regards to the historical geomorphological data and studies reviewed, it was determined that
systematic reporting on the physical characterization of the stream associated with aquatic habitat
observations was available however, there had been no quantification of erosion threshol ds and no
geomorphological specific reports have been completed for Junction Creek. That being stated, through a
multi -disciplinary review of material, the Study Team identified several reports that do contain observations
relevant to geomorphology that were used in the characterization.

Furthermore, it was determined that while sufficient hydrogeological data was available to facilitate a
conceptual groundwater model for the Junction Creek Subwatershed, there was limited information on the
surficial geology data. In addition to this, the required hydraulic modelling data was partially available but
lacked information regarding the water crossing structures (culverts and bridges) of the tributary
watercourses.

In accordance with the findings of the Existing Information Review and Gap Analysis (Amec Foster Wheeler
2017), the disciplines that were determined to have data gaps and required supplementary data collection
efforts to complete the characterization were the geomorphology, hydrogeology and hydrolog ic modelling
of the Study Area. The gap analysis resulted in the following main tasks to fill gaps: perform a
geomorphological field survey of Junction Creek, obtain the information required to complete the hydraulic
model, and complete the extraction of b orehole and monitoring well stratigraphy data from previous Wood
reports.

2.2 Field Investigations

Following the Existing Information Review and Gap Analysis (Amec Foster Wheeler 2017), additional data
collection was recommended to assist with a complete characterization of the existing conditions (Section
3) where there may have been a lack of existing information and to identify the specific -site conditions that
may have a direct bearing on the planning, size, location and implementation of mitigation approaches
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within the Subwatershed. It was determined that field investigations be completed to obtain necessary
information regarding the geomorphologic conditions of the Study Area.

Through the desktop review of current data and studies, it was determined that there were very limited

specific geomorphological observations available for the Study Area. In accordance with these findings, field

investigations were conducted in order to better characterize Junction Creek and the pecific reaches that

were highlighted as oO0Tributaries for HYITOREweRefeencModel | i 1
Material provided by the CGS within the TORwere requested for the purpose of characterization.

Wood and GEO Morphix hosted a training seminar in Sudbury on April 26, 2017 to provide post-secondary
students with practical field skills in river sciences, including field measurementrelated to geomorphology,
sedimentology, in stream aquatic ecology, proper data recording, interpretat ion, and quality control. All
Wood employees and interns (i.e., students) also received CGS safety trainingoffered through NORCAT
prior to initiation of any field data collection activities. Following this training, Wood personnel, along with
the interns, were deployed to complete additional work to refine the reaches utilizing the knowledge gained
from the seminar and training session.

The collection of systematic observations with regards to physical characteristics, sensitivityto erosion, and
long-term adjustments was completed on a reach scale.Through the application of the Ministry of the
Envi r on me ntpidsGeofn@rghiz Bssesstant (RGA),each observations and channel measurements
were collected over several days in May2017 to quantify the channel stability for reaches located on public
lands within the CGS Additionally, the Rapid Stream Assessment Technique (RSAT) wasmployed to
provide a broader view of the system and consider the ecological functioning of the water course (Galli,
1996). Given that aquatic habitat data is lacking for the lower Junction Creek Subwatershed, downstream of
Kelly Lake, additional aquatic habitat information was also collected as part of the fluvial geomorphology
field surveys conducted by the Study Team. Additional information related to barriers and impoundments
was also collected during the field surveys by the Study Team. The results of this field investigation are
presented in Section 3.6.

During the Hydrologic and Hydraulic modelling efforts, information gaps were identified among the
crossing structure and sewer pipe asbuilts and construction drawings provided by the CGS. In order to
appropriately fill the gaps and complete the modelling , the City retained Pelto Consulting to conduct the
additional surveying, which was comprised of 41 water crossing structures and 12 sewer pipe systens.

3.0 SUBWATERSHED CHARACTERIZATION

3.1 General

As stated in Section 2.1, a gap analysis was performed to create a list of data available and to determine
what information was lacking and necessary to complete the Junction Creek Subwéershed Study and
Master Plan. The Background Characterization compiles findings from the previou sly noted reports and
studies and characterizes he Junction Creek Subwatershedbased on the following Study disciplines:
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Natural Heritage System;

Surface Water and Drainage Characteristics
Water Quality Conditions;

Groundwater Characteristics and

Fluvial Geomorphologic Assessment

=A =4 =4 -4 =4

3.2 Natural Heritage System

The natural heritage characterization and analysis was focused on the Upper Junction Creek Subwatershed,
extending from the upstream extent of Kelly Lake to the headwaters of the GarsonBranch.Some high-level
data were available for the Lower Junction Creek Subwatershed, including Kelly Lake, consisting of
herpetofauna and mammal species lists and occurrences and general descriptions in some natural
environment studies. Detailed species lists, & well as pecies- and region-specific studies tended to focus
on the Upper Subwatershed. As such, detailed characterization of natural features and wildlife habitats has
been restricted to the Upper Subwatershed where sufficient data is available to compl ete detailed analyses.
The Subwatershedwas subdivided at several scalesrelevant to each field of study and analysis. For the
purposes of the natural heritage characterization and analysis the study area refers to the Upper Junction
Creek Subwatershed, upstream of Kelly Lake, as shown ofrigure B2 (refer to Appendix B ). Whereas, the
Study Area, refers to the larger Subwatershed as desched in Section 1.0. The natural heritage study area
has beendivided into three sections for the description and analysis of natural features, habitats, and their
sensitivities. These sections include the upper, middle and lower sections that refer to smaller portions
within the Subwatershed upstream of Kelly Lake.

The upper section consists ofthe main stem of Junction Creek upstream from the Ponderosa Provincially
Significant Wetland (PSW) including the Garson and Maley Branches. The middle section includes the main
stem of Junction Creek between the inlet to the underground portion of the creek and the eastern extent
of the Ponderosa PSW,including the Frood Branch. The lower section includes the main stem of Junction
Creek from the outlet of the under ground portion of the creek to the i nlet to Kelly Lake and incorporates
Nolin Creek and Copper Cliff Creek

Background data sources irdicate that the Junction Creek Subwatershed, upstream of Kelly Lake, is
representative of the range of habitats found within the eco -region, with flora and fauna of both southern

and northern affinities. Background studies within the Subwatershed are relatively diverse in their coverage,
with comprehensive data from atlas projects for all major taxa found in Ontario, such as birds (Bird Studies
Canadaet al. 2008), herpetofauna (Ontario Nature 2017), Lepidoptera (Joneset al. 2016), Odonata (Ministry

of Natural Resources2005), and mammals (Dobbyn 1994).

Species and regin-specific studies are also representative of the region, with several planning policies and
natural heritage studies that inform the terrestrial ecology of the Subwatershed, upstream of Kelly Lake The
Greater Sudbury Natural Heritage Report (CGS2013) and the CSWatershed Inventory (NDCA 1980) provide
pertinent, region - specific studies and provide context from on the ground local sources.
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Schedule 30oftheCG® s Of f i €3S20l6a)kdictes tHat Provincial and candidate Regional or Local
Candidate Areas of Natural and Scientific Interest (ANSI) are preent within the Junction Creek
Subwatershed. Although these areas are earth science, not life science ANSIs, the features and any natural
habitats associated with them will be considered in the management of the Subwatershed.

Provincial EarthScienceANS| 6 s wi t hireaindludee St udy A

Kelly Lake Shatter Cones
Lively-Elsie Mountain Formation;
Sudbury B-Norite;

Sudbury A-Norite ; and

McCrea Heights South Range Norite

=A =4 =4 =4 A

Candidate regionaland | oc al A NS Buidg Aremiintludée: n t he

1 Robinson Lake Ramsey Lake Pecors Formation
1 Ramsey Lake Shatter Conesand
1 Murray Mine Discovery Site.

3.2.1.1 Flora and Fauna

An integration of background information sources resulted in the identification of the following species
from the Subwatershed: 174 birds Appendix B -1), 25 herpetofauna (Appendix B -1l), 52 Lepidoptera
(Appendix B -111), 48 mammals @ppendix B -1V), and 16 Odonates @Appendix B -V).

A Species at Risk $AR and Species ofConservation Concern (SCC) screening was completed as part of the
background review. This screening comparesthe species reported from the Subwatershed to natural
features and areas that are present to determine the suitability of habitat and likelihood that SAR and SCC
are present. The SAR and SCC screening is provided idppendix B -VII.

Approximately 28 SAR (including 1 complex) and provincially tracked species are reported within the
Junction Creek Subwatershed, as follows:

1 5 speciesof herpetofauna (including 1 complex),

0 Snapping Turtle (Chelydra serpentina serpenting;

o Bl andi n g Bmydoidearblandiegi);(

o Northern Map Turtle (Graptemys geographicg;

0 MassassaugaRattlesnake (Sistrurus catenatu$; and

o Jefferson/Blue-spotted Salamander Complex (Ambystoma hybrid pop. 3).
1 19 birds (including 16 breeding species),

o Eastern Whip-poor Will (Antrostomus vociferus);

0 Short-eared Owl (Asio flammeus);

o Canada Warbler Cardellina canadensis;
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Chimney Swift (Chaetura pelagica);
Common Nighthawk (Chordeiles minor);
Olive-sided Flycatcher Contopus cooperi);
Eastern Wood-Pewee Contopus virens);
Bobolink (Dolichonyx oryzivorus);
Peregrine Falcon Ealco peregrinus anatum/tundrius);
Bald Eagle Haliaeetus leucocephalus;
Red-headed Woodpecker (Melanerpes erythrocephalus);
Barn Swallow {irundo rustica);
Red-necked Grebe Podiceps grisegend);
Bank Swallow Riparia riparia);
Eastern Meadowlark Sturnella magna); and
0 Golden-winged Warbler (Vermivora chrysoptera.
1 2 mammals
o Northern Myotis (Myotis septentrionalis); and
o Little Brown Myotis/Bat (Myotis lucifugus).
1 3 Buitterflies
0 Western Tailed Blue Cupido amyntula);
0 Monarch (Danaus plexippug; and
0 Reddisked Alpine (Erebia discoidali3.

O O O OO0 oo oo o o o

The preferences of these species cover avide range of habitat types ranging from open meadows to mature
woodlands, wetlands of various types, etc. Conservation of these significant species will require
consideration of a broad range of habitat types.

3.2.1.2  Vegetation Communities

Based on the CGS) sistohic challenges with acid rain and the associated negative impacts to the natural
environment (Pearsonet al. 2002), re-greening initiatives completed since 1978 have been highly effective
in their mandated goal of restoring the natural environment with in the CGS The interactive re-greening
application provided by the CGS(2017a) and its community partners provides an overview of the natural
areas restored to-date, with forest cover comprising approximately 57% of the CGS(2013).

The Junction Creek Sibwatershed supports a range of natural habitats including woodlands, and wetlands.

Early succession habitats are alsdound scattered throughout the S ubwatershed. The habitats within the

Subwatershed are well-connected to habitats outside the Subwatershed. The natural areas in the
Subwatershed consist of large blocks of upland habitats, especially in the northeast and southwest, as well
as some riparian habitats associated with the watercourses.

3.2.1.3 Wetlands

Within the CGSlimits, wetlands comprise approximately 9% of the land base, with only one PSW andother
significant features found throughout the Junction Creek Subwatershed. The Ponderosa PSW and other
significant features were identified using available mapping from the Ministry of Natural Resources and
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Forestry (MNRF), Land Information Ontario (LIO) sourcelnventory mapping has been completed to -date
by MNRF (2017) and the CGS Although wetlands represent only 10% of land coverage, they are an
important component of the eco logy within the Junction Creek Subwatershed. Under the Ontario Ministry
of Municipal Af f ai r s and Ho uBRrovinapidPslicy(SaterivAt KPPS) (OMMAH2014), &vetlandsd

and 6sensitive water features® are respectively define:q

Wetlands:0 |l ands t hat are seasonally or permanently
thewat er table is close to or at the surfaceéTh
bogs, and fens. 6

Sensitive Water featuresso ecol ogi cal ly i mportant in terms

amount, and contributing to the quality and diversity of an identifiable geographic area or natural
heritage system. 6

Based on these definitions, numerous primarily unevaluated wetlands are mapped in the Subwatershed
(MNRF 2017).The relatively large wetlands associated with Ramsey, Robinson, and Kelly Lakes, Junction
Creek (specifically the Ponderosa wetland that provides an important linkage within CGSlimits, deemed
Provincially Significant by the MNRF in fall 2017) and the area to the north and west of Lively, form the most
substantial features within the Junction Creek Subwatershed. The large size and good connectivity of these
wetlands to oth er natural features within the Subwatershed add to the significance of these features and
their ecological function (Appendix B ).

Wetlands provide important habitat for several significant species found within the Junction Creek
SUbwater shed, such a(EmydBidea blahdingip, ONorthefnu Maip | Tartle (Graptemys
geographica), Snapping Turtle Chelydra serpentina serpenting, and Red necked Grebe Podiceps grisegeny
among others.

3.2.1.4 Wooded Areas

Within the Junction Creek Sibwatershed, large blocks of forest occur in two general areas: the northeast
(loosely bounded by the former Town of Nickel Centre to the southeast, and roads 71, 73, and 86 to the
south) and southwest (west of Lively and north of Highway. 17). Scattered throughout these two forested
areas are numerous snall wetlands that further enhance the biodiversity and ecological function of these
regions. These large forested blocks are particularly important due to interior habitat they provide for
sensitive species, as well as the connectivity they provi@ to oth er features within the Subwatershed. Bird
species reported from the Junction Creek watershed that are commonly found in large wooded areas
include Eastern Whip-poor Will and Eastern Wood-Pewee.Of the 28 SAR and SCC species identified within
the watershed, Canada Warbler is the only species thatprefers interior habitat. Other woodland species
i nclude Bl andi ng®6s T Little Br@avn Balt),iand tNorteernBvyatisy WithiM the €¢GS §7%
of land cover is comprised of forested areas. The composition is relatively diverse, indicating that the region
is heavily mixed in its tree species composition (.e.,deciduous, coniferous, and mixed forests) (NDCA 1980
and CGS2013).
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3.2.1.5 Riparian Areas

Riparian zones can form linkages between terrestrial and aquatic environments that are potentially used by
wildlife to move throughout the S ubwatershed, and beyond, and provide corridors for the dispersal of
plants. These riparian zones filter out contaminants, sediment, noise, and light inputs by providing a buffer
to aquatic and wetland environments. Although there are existing riparian zones along the large wetlands,
creeks (e.g., Junction Creekpand lakes (e.g., Ramsey, Robinson, and Kelly Lakes), inany areas the riparian
areas are degraded thereby limiting the current ecological contribution of these features.

3.2.2.1 Overview

Aquatic habitat throughout the Upper Junction Creek Sibwatershed has been historically well-documented.
Historical logging, mining and smelting operations, pollution, shoreline alteration, and construction of
impoundments have contributed substantially to the deterioration of aqu atic conditions within the lakes
and tributaries throughout the S ubwatershed (Gorzynski 2000, Gunret al. 2010, Natho and Freeman 2006,
NDCA 1980,Amec Foster Wheeler2017, and Pearsonet al. 2002). The impacts of these activities including
warming of Junction Creek and its tributaries and poor water quality conditions in tributaries and connecting
lakes, have resulted in a decrease inbenthic invertebrate and fish community abundance and diversity. On-
going restoration efforts have been focused on the rehabilitation and improvement of aquatic conditions
within the main stem of Junction Creek and its connecting tributaries (JCSC 2009, Natho and Freeman 2006).
Monitoring programs and community outreach initiatives have also been implemented to study and
address water quality concerns, induding eutrophication and acidification, within CGSlakes (CGS2016b,
Vale Living with Lakes Centre 2016.

The existing aquatic habitat is variable throughout the upper, middle and lower sections of the study area.

Generally, the main stem of Junction Creek is a low-gradient system characterized by relatively slow-moving

run habitat over fine substrates (i.e., silt and sand) with a vegetative cover of submergent macrophytes,

particularly throughout the upper portion and in the vicinity of the Ponderosa PSW Riffle habitat and rocky

areas are also noted throughout the middle and lower sections of the main stem (Lemieux et al 2004, Sein
1993) upstream from Kelly Lake The CGS contains the highest number of lakes found in any muncipality in

Canada fttps://www.greatersudbury.ca/play/beaches-and-lakes/lakes/). Both warm and coldwater lakes
are found throughout the Junction Creek Subwatershed, with most lakes existing south and west of the

CGS.However, many of these lakes exhibit relatively high levels of phosphorus that is generally indicative
of eutrophication (CGS 2016). Erosion and elevated metal concentrations have also impacted the chemistry
and biology of these lakes (Pearsonet al. 2002).

North of t he CGSthe Subwatershed is comprised mainly of coldwater tributaries that flow generally south

or southwest into the main stem of Junction Creek (Amec Foster Wheeler2017). These features include the
Garson Branch, Maley Branch, Frood Branch, and Nolin CreeklThe main stem of Junction Creek, which
originates as part of the Garson Branch flows southwest as a coldwater feature through the CGSand enters
a concrete culvert and flows underground between Lloyd Street and Elgin Street. Junction Creek is
characterized as a varmwater feature from where it exits the underground pipe , downstream to where it
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outlets to the Vermillion River, outside the limits of the Junction Creek Subwatershed study area.Houle et
al. (2007) indicated that water temperatures generally increase aswater moves downstream, reflecting the
solar impacts due to a lack of shade, the limited groundwater inputs, and the increased effects of
urbanization in the downstream areas. West of Kelly Lakethe main stem of Junction Creek flows northwest
through several large warmwater lakesincluding Mud Lake, Simon Lake and McCharles Lakend eventually
enters the Vermillion River at the western extent of the Subwatershed.A tributary flows from the southwest
and connects several other lakes including Whitefish Lake Wakemi Lake and Nemag LakeThis branch of
the Subwatershed also occurs within the boundaries of the Atikameksheng Anishnawbek (Whitefish Lake6)
First Nation.

3.22.2 Fish Species

Background data indicate that the fish communities within the Junction Creek Sibwatershed have been
improving over recent years (JCSC 2009, Lemieurt al. 2004, Amec Foster Wheeler2017) including the
recent recolonization of Nolin Creek over the past several yearsby a few common minnow species (Amec
Foster Wheeler 2017). The fish community throughout the main stem of Upper Junction Creek and its
connecting tributaries is characterized by a variety of coolwater and warmwater fish species known to be
relatively common throughout northern Ontario (Lemieux et al. 2004, Sein 2004. The fish community is also
noted to have a higher diversity and abundance throughout the upper and middle portions of Junction
Creek, upstream from where the main stem is diverted below downtown Sudbury . The species noted
throughout the Upper Junction Creek and its tributaries are primarily small-bodied fishes that typically act
as forage for recreationally-important species (Appendix B -VI). Based on background data, these features
do not appear to support a substantial recreational fishery.

The warm and coldwater lakes found throughout the Junction Creek Subwatershed provide habitat for a
variety of warm and coldwater fish species, including many recreationally important species. Several of the
fish species present provide sport fishing opportunit ies including largemouth bass (Micropterus salmoides),
smallmouth bass (Micropterus dolomieu ), lake trout (Salvelinus namaycush and Brook Trout (Salvelinus
fontinalis) (Appendix B -VI). However, walleye Sander vitreus) is the most sought-after species(CGS2013).

As part of the efforts to rehabilitate the Upper Junction Creek the JCSChas undertaken an annual Brook
Trout stocking event in partnership with the MNRF. Since 200Q approximately 8,600 Brook Trout have been
released into Junction Creek, including 1,000 released at several different locations in New Sudbury (JCSC
2009). Suitable Brook Trout habitat is available throughout the main stem of Junction Creek, particularly in
the vicinity of Donnelly Road within the Garson Branch. Further efforts to rehabilitate the creek and improve
thermal conditions will benefit Brook Trout in the future. Brook Trout have been captured within the main
stem of Junction Creek during past fish community surveys (Lemieuxet al. 2004) and more recent sampling
events as recent as 2016

3.2.2.3 Benthic Macroinvertebrate Species

Background data indicate that the benthic community throughout the Junction Creek Subwatershed has
been historically impaired due to mining and smelting activities and an increase in impervious cover and
decreasing riparian cover Jaagumagi and Bedard 2002 Davidson and Gunn 2012 and Pearsonet al. 2002).
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The most heavily affected benthic communities appear to be within the Frood Branch, Nolin Creek and
Copper Cliff Creek (Johnson and Owen 1966), which exhibit a limited density and diversity, with only a few
tolerant taxonomic groups present. Many of the lakes exhibit metal contamination and acidification, which

caused reductions or losses of a variety of sensitive speaés (Keller and Gunn, undated).Land-use changes
have resulted in improvements in water quality, which has causedimprovements to the benthic community,

specifically within the Frood Branch where acid mine drainage from the Frood Mine was dammed and
diverted away from the creek (Gunn et al. 2010, Waberi 2002).Reductions in atmospheric emissions from
smelting operations have also benefitted the benthic communities. Data indicate that the benthic

communities within the Junction Creek Subwatershedare more diverse and denser (Johnson and Owen
1966, Keller and Gunn, undated,and Pearsonet al. 2002), although still impaired.

3.224 Interpretation of Information and Data

The JunctionCreek & b wat er shed contains a variety of aquatic fea:
featuresd under t h eThePnRald sténOd¥1MiActibn Creek dnp its inflowing tributaries
provide intrinsic value to the CGS and ecological importance to the surrounding landscape and the aquatic
systems downstream.The PPS further identifies O6sensitived as 0.
impacts from activities or events including water withdrawal s and t he addi tHistorinallyp f pol | t
the aquatic habitat within the Junction Creek Subwatershed has experienced substantial degradation and
deterioration of water quality, which has been reflected in the loss of fish and benthic invert ebrate diversity
and abundance. The primary driver for this has been the addition of pollutants (e.g.,sewage)from the CGS
as well as effluent from smelting and mining operations, particularly along the headwaters of the Frood
Branch and Copper Cliff Creek. Rehabilitation efforts are ongoing and focused on addressing these issues

The following information provides discussion on the existing state of t he aquatic features within the
Subwatershed based on the upper, mid dle, and lower sections of the natural heritage study area.

Upper Junction Creek Subwatershed

The upper section consists ofthe main stem of Junction Creek upstreamfrom the Ponderosa PSW,including
the Garson and Maley Branches. The upper section of study area has been shown to support the most
abundant and diverse fish community throughout the Junction Creek Sibwatershed. The most abundant
and diverse fish community is present in the upper reaches of the Garson Branch (upstream from Robin
Street) and in the vicinity of Attlee Avenue. The Maley Branch, which outlets to the main stem just east of
Lansing Avenue was noted to support a similarly rich fish community. This fish community is represented
by a variety of common small to medium bodied fishes that exhibit a range of thermal preferences from
warmwater to coldwater (Appendix B -VI). These stretches are located upstream from majority of the
historic stressors {.e., smelting and mining effluent, urbanization etc.) that have negatively affected the
water quality and aquatic habitat throughout Junction Creek. Based onthis, it is likely that this section of
the Subwatershed has beenthe least affected and still maintains relatively high-quality habitat compared
to the rest of the Subwatershed. The habitat in the upper section is dominated by low -gradient runs over
soft substrates (mainly silt and sand) Some riffles are present, which are typically associated with small
cobble, gravel and sand substrates. Pools over 1.0 metre (m) deep were observed by GEO Morphix during
field surveys conducted in Spring 2017. Undercut banks, overhanging trees and vegetation, and woody
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debris provide a moderate level of cover for the fish community. SeeSection 3.6 for more information on
channel characteristics.

Several impoundments and potential barriers are located throughout the upper section of the study area.
These features may affect the movement of fish throughout the system and have the potential to limit the
recolonization of Brook Trout in the upper reaches of the system. These include the Maley Dam located on
the Maley Branch approximately 2.4 kilometres (km) upstream from its confluence with the main stem,
several natural Beaver Castor canadensiy dams, and the ponds located at the Cedar Green Golf Course.
The Beaver dams and the Maley Dam are noted to increase instream water temperatures while the
impoundments at the Cedar Green Golf Course had a cooling affect (Gorzynski 2000).

One of the community rehabilitation initiatives for Junction Creek has focused on re-establishing a self
sustaining Brook Trout through stocking. Brook Trout generally prefer water temperatures below 20°C (Scott
and Crossman 1973) Water temperatures in the upper section (Maley Branch and Garson Branch) are noted
to be the lowest throughout the S ubwatershed and have been found to increase moving downstream from
the Maley Branch to the outlet of Junction Creek into Kelly Lake (Houle et al. 2007). The cooler water
temperatures in the upper section are maintained through groundwater input, deep pools and a relatively
high amount of overhanging bank vegetation (Gorzynski 2000) compared to the middle and lower sections.
However, even though the upper section maintains the lowest water temperatures, summer temperatures
exceed 20°C for part of the season (Houle et al. 2007). Another factor that may limit the reintroduction of a
self-sustaining Brook Trout population is the availability of spawning habitat. The upper section of Junction
Creek and the Maley Branch are dominated by run habitat over soft substrates while Brook Trout require
areas of cool, welkoxygenated water over gravel and adjacent to areas of groundwater input (Scott and
Crossman 1973).Currently, it is unknown if appropriate spawning locations are pre sent within the Junction
Creek Subwatershed.

Middle Junction Creek Subwatershed

The middle section includes the main stem of Junction Creek between the inlet to the underground portion

of the creek and the eastern extent of the Ponderosa PSW,including the Frood Branch. The middle section
of the study area, specifically throughout the Ponderosa PSW,supports an abundant and diverse fish
community that is similar to the upper section (Sein 1993). Tie Frood Branch, which flows into the main
stem of Junction Creek supports a smaller fish community compared to that of both the main stem of

Junction Creek in the study area and the Maley Branch The fish community throughout the middle section

consists of a variety of common small to medium bodied fishes that exhibit a range of thermal preferences
from warmwater to coldwater (Appendix B -1V). No Brook Trout have been observed to date within the
middle section of the study area even though aquatic conditions are suitable to support them for at least
part of the year.

Iron staining was observed throughout the middle section of the main stem of Junction Creek and the Frood

Branch, indicating groundwater input. Even though groundwater will have a cooling effect, summer water
temperatures have still been shown to exceed the preferred thermal preference for Brook Trout (Houle et
al. 2007). The aquatic habitat in the middle section is mainly dominated by slow moving, low-gradient runs
over soft substrates (mainly silt and sand) particularly within the Ponderosa PSW that exists between the
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Frood Branch confluence and Arthur Street (Lemieuxet al. 2004). Pools over 1.0 m deep were observed by
GEO Morphix during field surveys conducted in 2017. Riffle habitat is present downstream from the Frood
Branch confluence where the main stem of Junction Creek flows south parallel to Notre Dame Avenue. At
these locations, substrate includes gravel, cobble and boulder, in addition to the predominantly finer
substrates. Aquatic vegetation, pools, and woody debris provide a moderate level of cover for the fish
community in addition to the rocky substrates, where present. The Frood Branch exhibits similar
characteristics to that of the main stem of Junction Creek, downstream from the Ponderosa PSW. See
Section 3.6 for more information on channel characteristics.

The main impoundment located within the middle section of the study area is the Nickeldale Dam, located
on the Frood Branch approximately 2.2 km upstream from its confluence with the main stem. Along the
Frood Branch, the creek also flows underground through a concrete culvert below Lasalle Blvd. and a
parking lot for approximately 170 m. This culvert likely limits fish movement upstream and downstream.
Active Beaver dams have also been observed along the main stem of Junction Creek, particularly within the
Ponderosa PSW.These features are not expected to significantly limit fish movement along the main stem
of the creek. The Nickeldale Dam is noted to increase water temperatures within the Frood Branch
(Gorzynski 2000.

Benthic data available for the middle section of the study area indicates an impaired but improving benthic
community (Waberi 2002 and Gunn et al. 2010). Historically, acid mine drainage was occurring directly into
the Frood Branch, which created toxic corditions that were reflected in the benthic community (Johnson
and Owen 1966). This acid mine drainage was diverted from the creek in 2000and even though a rapid re-
colonization of many families of benthic invertebrates was observed the creek was still noted to be heavily
impaired for over 8 years following the diversion (Gunn et al. 2010). Overall, the diversion improved water
quality in the Frood Branch and had a positive effect on the benthic invertebrate community downstream
(Waberi 2002). Conditions co ntinue to improve .

Lower Junction Creek Subwatershed

The lower section of the study area includes the main stem of Junction Creek from the outlet of the
underground portion of the creek to the i nlet to Kelly Lake and incorporates Nolin Creek and Copper diff
Creek. The lower section has experienced the greatest level of degraded water quality due to the variety of
stressors that exist upstream and compound to affect the main stem of Junction Creek.Urbanization as well
as the smelting and mining operation s along Copper Cliff Creek, Nolin Creek, and the Frood Branch (middle
section) have played major roles in the degradation of water quality throughout lower section. Poor water
quality conditions are reflected in the fish and benthic communities. The fish community in the main stem
of Junction Creek between Kelly Lake and the underground pipe outlet is known to be much less diverse
and abundant than the middle and upper sections of the Subwatershed (Sein 1993and Lemieuxet al. 2004)
and is even less so within Copper Cliff Creek ard Nolin Creek (Appendix B-VI).

There is evidence that the fish community throughout the lower section is improving (Lemieux et al. 2004).
Recent surveys have indicated that several coolwater fish species have started tae-colonize Nolin Creek
(Woods 2017) including creek chub (Semotilus atromaculatug, golden shiner (Notemigonus crysoleuca,
and white sucker (Catostomus commersonij. The lower portion of the main stem of Junction Creek is also

Wood Project Number: TY161021| 12/20/2019 Page 14

. wood.



‘ S d[();“‘“‘” Grand Junction Creek Subwatershed Study
u ury Final Junction Creek Subwatershed Study and Stormwater Master Plan Repdr

likely to provide habitat for species reported from Kelly Lake, including recreationally important species
such as northern pike (Esox luciu¥ and yellow perch (Perca flavesceny Refer to Appendix B-VI for a list of
fish speciesreported to occur in Kelly Lake. The aquatic habitat throughout the lower section of the study
areatransitions from run and riffle habitat over silt, sand, gravel and cobble substrates to slow-flowing run
habitat over silt and sand as it nears its outlet to Kelly Lake.The lower portion mimics the existing lake
habitat where it is inundated.

Pools over 1.0 m deep were observed throughout the lower section by GEO Morphix during field surveys
conducted in 2017. These field surveys also identified a high level of bank erosion throughout the lower
section. Iron staining was observed during the 2017 field surveys, indicating groundwater inputs. However,
the lack of shading and warm runoff from the surrounding urban landscape maintain the highest water
temperatures observed throughout the Subwatershed, which are well above the preferred range for Brook
Trout (Houle et al. 2007).

Benthic data available for the lower section of the study area indicate a general lack of sensitive taxa within
Copper CIiff and Nolin Creek; a result of the historically toxic and poor conditions within these creeks
(Johnson and Owen 1966).Changes in land use practices and overall improvements in the water quality
throughout the Junction Creek Subwatershed will have a positive impact on the benthic community within
the lower section and Kelly Lake.Improvements have already been noted within the Frood Branch, which
will positively impact the main stem of Junction Creek downstream (Waberi 2002 and Gunn et al. 2010).

Fish movement throughout the lower section is limited by a variety of fea tures including active Beaver dams
along Junction Creek, as well as manyculverts and dams along Copper Cliff creek and Nolin Creek.The
confluence of Nolin Creek to the main stem is located along the underground piped section on the creek
that flows under the CGS.This is expected to limit fish movement. Mine effluent is also expected to restrict
fish movement into and through Copper Cliff Creek and Nolin Creek due to poor water quality conditions.

City of Greater Sudbury Lakes

Both warm and coldwater lakes are found throughout the Junction Creek Subwatershed, with most lakes
existing south and west of the CGS.Many of these lakes exhibit relatively high levels of phosphorus that is
generally indicative of eutrophication (CGS 201&). Spring phosphorus levels have been monitored as part
of an annual Lake Water Quality Program in 40 lakes across the CGS between 2001 and 201&f the lakes
sampled, 7 lakes have regularly shown phosphorus concentrations greater than the Interim ProvincialWater
Quality Objective of 20 micrograms per litre (ug/L). Three of those lakes (Mud Lake, Simon Lake, and
McCharles Lake) are downstream of Kelly Lake and are connected by Junction CreekBethel Lake and
Minnow Lake connect to Ramsey Lake (CGS 201) and are located within the middle section of the study
area. The other two lakes are Robinson Lake, which Ramsey Lake flows into via Junction Creek, and Kelly
Lake (Hutchinson Environmental Sciences Ltd. 2013).

Numerous CGS and community initiatives have been implemented to better understand the lake
ecosystems and stressors affecting them, with a focus on phosphorus levels.Lake residents and lake
stewardship groups are actively involved in a variety of community lake monitoring programs, while CGS
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initiatives have included the Shoreline Home Visit Initiative, the Water Gatherings and Living with Lakes
Forum, and the Lake Water Quality Monitoring Program.

Erosion, acidification, and elevated metal concentrations have also impacted the chemistry and biology of

lakes within the Subwatershed (Keller and Gunn, undated, and Pearsoret al. 2002). Changes in land-use

practices and reductions in smelting emissions have resulted in improvements in lake water quality, which

have been shown to benefit the fish and benthic communities. To address acidification in severallakes and

the surrounding | andscapes, the CGS6s L-GreedingPmgrdma mat i on
applied lime treatments between 1978 and 2011, which helped to increase alkalinity and decrease metal
concentrations in the lakes and surrounding soils (CGS 2017a, Lautenbach 1985, and Pearsaat al. 2002).

3.225 Summary of Aquatic Significant Features

The upper, middle, and lower sections of the natural heritage study area offer a variety of aquatic habitat
types that support a variable fish and benthic community. Generally, aquatic habitat conditions are good
throughout the upper section, deteriorating downstream to the lower section where water quality and
habitat conditions are more impaired. The following points describe the sensitive features and features
known to limit aquatic habitat improvements th roughout the Junction Creek SubwatershedStudy Area:

1 The upper section of the study area has been identified as the most likely area to support a Brook
Trout population due to the lower summer water temperatures, available habitat, and available
forage base. This section also experiences less stress on water quality due to its proximity upstream
from the City Centre and upstream from the existing mine and smelting operations.

o Although summer water temperatures exceed the preferred range for Brook Trout, there is
potential to improve thermal conditions by improving riparian cover and shading.

1 Riparian cover is generally lacking throughout the Upper Junction Creek Subwatershedbut where
it is available it is provided by overhanging grasses, aquatic vegetation, and a combination of trees
and shrubs along the banks. The lack of riparian cover is a concern primarily as it relates to increases
in water temperature from solar radiation. This becomes more important moving downstream as
water temperatures continue to warm as a result of urbanization and run-off.

0 Theupper section is expected to maintain cooler water temperatures because of groundwater
inputs; however, it is still important to provide shading throughout this section to mitigate the
impacts from compoun ding solar radiation that will warm temperatures downstream.

o lIron staining was identified throughout the upper, middle, and lower sections, indicating
groundwater contributions throughout the Subwatershed However, temperatures are still
known to increase moving downstream, a result of a lack of shading as well as urban runoff
and warming from dams and impoundments.

1 Several dams and impoundments occur throughout study area. The Maley Dam and Nickeldale
Dam are the two most substantial features, located within the upper and middle sections of the
study area. These features are known to increase water temperatures and prevent fish movement.
Many active Beaver dams are also present throughout the upper, middle, and lower sections.These
features are likely to increase water temperatures and inhibit fish movement.
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1 Wetlands are known to improve water quality and provide a cooling effect on watercourses. Within
the middle section of the study area the main stem of Junction Creek flows through the Ponderosa
PSW.This feature supports a diverse and abundant fish community.

1 The Junction Creek Subwatershed includes a substantial number of lakes that provide important
recreational opportunities for residents and visitors, which includes fishing and boating. Improving
water quality in the lakes is an important consideration that will benefit lake health and maintain
these recreational opportunities. Historic and current Phosphorus levels in many lakes show
significantly high levels and, in several cases, are well abovehe Interim Provincial Water Quality
Objective of 20 ug/L. Many of the lakes with the highest levels are in the lower Subwatershed and
downstream of Kelly Lake.

Limitations exist throughout the Subwatershed that may inhibit improvements within Junction Creek and
its tributaries, specifically urbanization, which limits the available area for physical improvements adjacent
to the watercourses and lakes. However, water quality conditions are improving as evidenced through
improvements in the fish and benthic communities. Conditions will continue to improve following the
various land use changes and orgoing rehabilitation initiatives and monitoring programs that have been
established.

3.3 Surface Water and Drainage Characteristics

Hydrologic and hydraulic models are developed for urban subwatersheds to provide a better understanding
of the amount and movem ent of water in the system under existing land use and proposed future land use
conditions, as well as toanalyzevarious Stormwater Management Plan alternatives, based upon the physical
conditions in the subwatershed. By developing representative models that reasonably predict seasonal and
storm-based runoff response, the impacts of proposed future urbanization can be better quantified and
thereby appropriate integrated management strategies can be established.

Numerous reports have been provided as reference material for characterizing the hydrology within the
Subwatershed, as well as the overallStudy Area The following summarizes the key sources of information:

Storm Drainage Report for the City of Sudbury (Dillon and Lewis Ltd. 1964);

Junction Creek Watershed Report(M.M. Dillon Limited 1969);

Watershed Inventory (NDCA 1980);

Flood Plain Mapping of Junction Creek (Kilborn Limited 1980),

Junction Creek Watershed Management Study (Northland Engineering Limited 1982),
The Ponderosa (Dewit+Castellan Architects Inc. 1988)and

Junction Creek Water Management (S.A. Kirchhefer Limited 2000Q)

=A =4 =4 -4 4 -4
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In addition to the foregoing information that provides an overview of the hydrologic and hydraulic
conditions within the Junction Creek Subwatershed, various stormwater management asbuilt and
construction drawings (in the order of 5,000) have been provided specifically for reference and use n this
study. Other important infrastructur e information includes dam drawings, photos, and information
regarding overland systems, creeks/bridges,and the downtown box culvert.

The following mapping has been provided and used for the baseline characterization and assessment of
the surface water hydrology and hydraulics in the Junction Creek Subwatershed:

1 The CGSprovided Wood with map data for all 7 map data areas, which included a Topographic file
with contours and spot elevations, ortho -rectified imagery, and a Digital Terrain Model (DTM) with
roads, stream, lakes, etc The data was provided in the Universal Transverse Mercator (UTM)
coordinate system (NAD 83 CSRSZone 17), with a horizontal and vertical accuracy of +30
centimetre (cm), in AutoCAD file format (.dwg), and ortho-imagery (TIF with TFW fileformat) and a
scale of analogue aerial photography of 1:6,000, and 60millimetre (mm) of Ground Sample Distance
(GSD) of digital aerialphotography.

1 A previous HEG2 data model has been provided for review. A hew model will be developed in an
updated HEG-RAS enwonment.

91 Different storm network GIS layers have been provided by the CGS ¢atch basing manholes, inlets
and discharge points, as well as thestorm trunk sewer system of 900 mm and larger diameter pipes
within 500 m of Junction Creek andidentified main tributaries).

1 A GIS layer with the geographic location of each asbuilt and construction drawings was provided
by the CGS, as well as a road network layer.

1 Pelto has completed cross-sections of the creek and ground surveying to verify water crossing
structures (culverts and bridges) at the four selected tributary watercoursesto support the hydraulic
modelling.

1 Land Cover classification from LIO digital data warehouse, this provincial land cover classification is
derived wholly from Landsat-7 Thematic Mapper (TM) satellite data frames recorded between 1999
and 2002, most from 2000 onward.

3.3.3.1 Baseline Characterization

A baseline characterization of the hydrologic conditions within the Junction Creek Subwatershed area has
been developed based upon a desktop review of the background information provided for this study. This
review has characterized the existing drainage systems, soils, slopes, anthnd use conditions within the
Subwatershed. For this characterization, 12 main subwatersheds have been defined to comprise the
Junction Creek Subwatershed These have been identified for hydrologic modelling purposes (refer to
Figure Clin Appendix C), as follows:

i. Main Branch of Junction Creek,conceptually subdivided into four (4) reaches:
1 from Garson to the Box Culvert Downtown;
9 from Nolin Creek to the Box Culvert Downtown ;
1 from the Box Culvert downtown to Mud Lake; and
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1 from Mud Lake to the Vermillion River confluence.

ii. Five(5) major subwatershed tributaries have been identified upstream of Kelly Lake:

Maley Dam reach;

Nickeldale Dam reach;

Nolins Creek;

Copper Cliff Creek and

Robinson Lake, including Nepahwin Lake and Ramsey Lake rote that Ramsey Lakeis the
subject of an individual subwatershed study and is not addressed in this Study, as described
previously).

=A =4 =4 -4 =

iii. Downstream of Kelly Lake,two major subwatersheds have been grouped:
1 Lively, and
1 Whitefish Lake.

Note that the following two subwatersheds have been modelled separately due to their size and since
surface runoff and mine water is treated before it discharges to the environment (Junction Creek tributaries):

1 Frood/Stobie Mine; and
1 Central Tailngs.

The mine tailings areas of the Subwatershed, notable the Frood/Stobie Mine and the Central Tailings, are
routed through the Water Treatment Plant and do not contribute runoff directly to Junction Creek.
Additionally, it was noted that a small area northeast of the Central Tailings surrounding Pump Lake was
delineated on mine schematics but had not been included with the topographic LIDAR data, so this portion
was manually added to the model.

A detailed flow schematic with all representative drainage elements of the Study Area is presented on
Figure C2in Appendix C .

3.33.2 Storm Sewer Pipes

As per the TOR the storm trunk sewer network, which includes pipes with diameters of 900 mm and larger
within 500 m of Junction Creek and its identified tributaries , forms the basis of the hydraulic modelled to
establish the overall system capacity and potential needs for further analysis.The modelling analysis for this
task applies the PCSWMM platform. PCSWMM is afully dynamic hydrologic and hydraulic analysis software
package, based on theUnited Stated Environmental Protection Agency SWMM model. This platform allows
the development of dual drainage systems to be analyzed for existing and future conditions and for various
storm events.

Based on the GIS layers provided by the CGS and a detailed background information review of
approximately 5,000 as built and construction drawings, 34 trunk storm sewer systems have been identified.
The majority of t hese networks of trunk storm sewer systems are located on what is referred to as the Main
Branch of Junction Creek, except for two that are found on the Robinson Lake SubwatershedThe location
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of these trunk storm sewer systems ispresented on Figure C7 in Appendix C , and Table 3.3.1 presents a
summary of their status following the initial background review and data characterization .

Table 3.3.1: Trunk Storm Sewer Systems

Area Reference/ID Initial Characterization
Missing invert elevation values: junctions
Garson Garson Pond Outlet (G1) (CB_98054, CB_98208, CB_102400); Mbar-
11-11-0068; MHCBGAR 11-11-0123.
Lansing Ave. (NS1) Adequate for modelling
Cambrian (NS 2) Adequate for modelling
LaSalle Blvd. 1 East (NS E) Adequate for modelling
LaSalle Blvd. 1 West (NS3 W) Adequate for modelling
LaSalle 2 / Roy Ave. (N$4) Adequate for modelling
LaSalle 3/ Montrose Ave. (NS5) Adequate for modelling
New Sudbury LaSalle 4 / Drummond Ave. (NS6) | Adequate for modelling
Alexander St. (NS7) Adequate for modelling
Barry Down Rd (NS8) Adequate for modelling

Missing invert elevation values: MHCBNEE

01-01-0273; MH-NEE01-01-0296; MH-NEE
01-01-0245; MH-NEE01-01-0244; MH-NEE
01-01-0246.

Notre Dame 1 / Patie St. (FM1) Adequate for modelling

Missing invert elevation values: MH-MCK-03-
Notre Dame 2 / Cambrian Heights | 03-0063; MH-MCK-03-03-0062; MH-MCK-

Canterbury (NS-9)

Dr. (FM-2) 03-03-0061; MH-MCK-03-03-0060; MH-
MCK-03-03-0059.
. Wilma St. (FM-3) Adequate for modelling
Flour Mill Area -

Notre Dame 3 / Burger King (FM- ,
2) Adequate for modelling
St. George St. (FM5) Adequate for modelling
Kathleen St. (FM6) Adequate for modelling
Leslie St. (FM7) Adequate for modelling
Rainbow Centre (FM 8) Adequate for modelling
Donovan St (D-1) Adequate for modelling

Connection between MH-MCK-06-08-0132
and CB-MCK-06-08-0133_a is a 600mm pipe.
Missing invert elevation values: ODP_1806;
Pine St (D-2) MHCB-MCK-06-08-0322; MH-MCK-06-08-
0150; MH-MCK-06-08-0146; MH-MCK-06-
08-0149; MH-MCK-06-08-0150; MH-MCK-
06-08-0105.

Kingsway Kingsway (DW-1) Adequate for modelling

The Donovan
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Area

Reference/ID

Initial Characterization

Downtown Area

Box Culvert (DV-2)

Missing elevations for the two entry points to
the culvert and the exit point.

Gatchell

Lorne St. 1/ Douglas St. (@-1)

Connection between MH-MCK-10-14-0152
and MH-MCK-10-10-0422 is a 750mm pipe.
Missing invert elevation values: MHCBMCK-
10-14-0172, MH-MCK-10-14-0152, MHCB
MCK-10-14-0153, MHCBMCK-10-14-0172,
ODP_123907.

Lorne St. 2/ Byng St. (3-2)

Connection between CB_580268 and Conduit
205841 is a 750mm pipe. Missing invert
elevation values: MHCBMCK-06-08-0226;
MHCB-MCK-06-08-0246; MHCB MCK-06-08-
0254; MHCB MCK-06-08-0255; MHCB-MCK-
07-09-0437; MHCBMCK-07-09-0437;
MHCB-MCK-07-09-0455; MHCB MCK-07-09-
0456; MHCBMCK-07-09-0458; MHCB MCK-
07-09-0459; ODP_123852.

Lorne St. 3/ Bulmer Ave. (3-3)

Missing invert elevation values: MHCBMCK-
10-14-0153; MHCBMCK-10-14-0172;
MHCB-MCK-10-14-0151; MH-MCK-10-14-
0152; Conduits (114495, 118740, 105029

Lorne St. 4/ Logan Ave. (3-4)

Missing invert elevation values: MH-MCK-10-
14-0152; MHCBMCK-10-14-0153; MHCB
MCK-10-14-0172; MH-MCK-10-10-0422;
ODP_123907; Conduits (118740, 105029,
115060, 115005).

South End Area

Lily Creek (SEL)

Missing invert elevation values: MH-MCK-11-
15-0102; MH-MCK-11-15-0103; MH-MCK-
11-15-0104; MH-MCK-11-15-0105;
ODP_123573.

Regent St. (SE2)

Adequate for modelling

Stephen St. (SE3)

Missing invert elevation values: MH-MCK-10-
14-0230; Conduit 118226. Missing outlet
node: Conduit 107793.

The Four Corners (SH)

Adequate for modelling

Loachos-5Rd.

( SE

Adequate for modelling

Lively

Bonnie Dr. (L-1)

Missing invert elevation values: ODP_123624;
DMHCB-WAT-07-07-0027; ODP_123624.

Herman Mayer Dr. (L-2)

Missing invert elevation values: MH-WAT-06-
06-0020; MH-WAT-06-06-0021,
ODP_124326; Conduit 114143; Conduit
114143.
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Note that no systems with 900 mm and larger diameter pipes were identified within 500 m of the main
creek in the Copper Cliff or Lively (north of Hwy 24) areas The five main GIS layers provided by the CGS
(catchbasins, manholes, inlets and discharge points, as well as thé&runk storm sewer system of 900 mm and
larger diameter pipes within 500 m of Junction Creek and identified main tributaries), partially contained
the required data compatible with the selected modelling platform. Significant effort has been allocated to
manually transfer the required data (manhole layer) from the as-built and construction drawings to a model
compatible format. Additionally, survey data was collected along Junction Creek, including for the Box
Culvert. For some systems thereremains a lack of accurate information and/or inconsistency on available
references, hence three alternate methodswere used to address these gaps:

i. Infer information from u pstream and downstream data where available;
ii. Assume vertical data using topography and basic plan layouts; and
iii. Spot check field surveys

The method used to address the missing information has been noted in the PCSWMM hydraulic model as
well as in the GIS data layers where applicable.

The PCSWMM model was used to conduct the integrate d hydrology and hydraulic assessment as per the
previous task (Storm Sewer Pipe Hydraulics) for the entireSubwatershed. For each subwatershed, hydrologic
characteristics have been determined, such as area, shape, slope, impervious percentage based on langse
cover weighting, soil and land cover conditions. These parameters are discussed in detail irSection 6.1.

3.341 Design Storms and Mete orology

Existing rainfall and flow monitoring data made available by the CGS Environment Canada, Vale andCS
have been reviewed and summarized.The historic rainfall and flow data for the Sudbury area, in addition
to the proposed data collected as part of the Study, was used to calibrate the hydrologic and hydraulic
models.

Different storms events and distributions have been studied for comparison and selection of the most
appropriate for calibration purposes. This is discussed in more detail inSection 6.3 .

Short Duration Rainfall Events (5 minute to 24 hour)
Short duration Intensity -Duration-Frequency (IDF) rainfall data were obtained from Environment Canada

(EC) for & Sudb 60681504data fom 4971 to 2006). Rainfall depths for available durations
and return periods are provided in Table 3.3.2.
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Table 3.3.2: Rainfall Depths for Sudbury A irport (ON 6068150)
Duration Duration 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year

(min) (h) (mm) (mm) (mm) (mm) (mm) (mm)
5 0.08 7.0 9.8 11.7 14.0 15.8 175
10 0.17 10.2 14.2 16.8 20.1 22.5 24.9
15 0.25 12.6 17.2 20.2 24.0 26.9 29.7
30 0.50 16.8 23.5 28.0 33.7 37.9 42.0
60 1 20.6 28.8 34.2 41.0 46.1 51.1
120 2 25.4 35.3 41.8 50.1 56.3 62.4
360 6 35.7 46.5 53.7 62.7 69.5 76.1
720 12 43.3 55.8 64.1 74.7 82.5 90.2
1440 24 49.4 64.6 74.6 87.4 96.8 106.2

For each storm event two different temporal distributions have been assigned: a Soil Conservation Service
(SCS) Type Il rainfall temporal distribution and a Chicago distribution. The SCSType Il storm distribution is
generally critical for slower-draining larger rural subwatersheds (low percentage of impervious areas) where
peak flow rates are largely influenced by the total depth of rainfall. Thefollowing presents equations for the
Chicago Distribution, which describes the bestfit for these IDF curves for each return period :

2-year return period
T c8&

Rai nfall mmjmtbeﬂgs—lT—&t—Lys—(

5-year return period
¢ TSI

Rai nfall mmjmtDEHas—lT—SIt—T¥B—(

10-year return period
Rai , X, C.4p
alnfallmmjrhtbeoo&)S(

25-year return period

. ) T
Rainfall mmjmtbengsﬂj%%ys—(

50-year return period
w Yidp

Rainfall mmjmtbeﬂgs—lc—s(t—ys—(

! City of Greater Sudbury Official Plan Stormwater Background study January 2006 Prepared by Earth Tech Canada Inc.
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100-year return period

Rainfall mhimht)e astieao
ainfa m e f;
] 0 o 38

Where t is the duration in minutes.
Regional Storm
The Regional Storm for the Junction Creek Subwatershed area is the Timmins storm, a historical storm with
193 mm of precipitation occurring over a 12-hour period, as p e r EngiteeingO&fgrdManual (CGS,

2012). Table 3.3.3 provides the temporal distribution of rainfall for this event.

Table 3.3.3: Timmins Storm

Time (h) 1|2 |3| 4|56 ]| 7|89 ]10]|11]12] Total

Incremental

15| 20 | 10 | 3 5|20 | 43|20 |23 |13 |13 | 8 193
Precipitation (mm)

Long-Duration Snowmelt Plus Rainfall Event (30 days)

A 30-day rain-on snowmelt event (spring snowmelt plus rainfall) has also been obtained from EC for
O0Sudbury A ®&06&Lb0dtisinatad that vised 30-day rain-on-snow data were acquired in January
2016 from Environment Canada. These data were revised by Environment Canada following a correction to
its in-house computational software. The revised values are significantly higher than previously reported
(for example, for the 100-year event the new precipitation value is 432.2 mm versus the previous value of
359.7 mm). The ECsnow melt model has been selected, as nosite-specific data are available.

The rain-on snowmelt events have similarly been assigned a symmetrical, or balanced distribution, putting
the most severe single day event in the centre of the event, with the second and third most severe days on
either side, and continuing to fill in the 30-day distribution in this manner. This creates a conservative
temporal distribution of the 30-day rain plus snowmelt data, as it delivers the most concentrated runoff in
the shortest period of time and also contains the peak rain plus snowmelt depths for all shorter durations.

Hydraulic analytic characterization of the regulated watercourses within the Junction Creek Subwatershed
has been completed using the HEGRAS hydraulic model. The HEGRAS tool has been developedby the
U.S. Army Corp of Engineers and uses energy and momentum equations to determine water surface
elevations for given channel geometric cross-sections, crossings and boundary conditions

To supplement available information for hydraulic modelling, field reconnaissance has been conducted and
Pelto has completed cross-sections of the creek and ground surveying to verify geometry and dimensions
of the water crossing structures (culverts and bridges) along the four selected tributary watercourses. As
required, a survey of cross-sections and water crossings along the main branch of Junction Creek vas
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performed, including a point at each of the inlets and outlet s of the box culvert downtown.

A photographic inventory of the culverts and bridges has been reviewed and Total Station Survey completed
at the structures in order to establish the structure inverts and dimensions. The hydraulic structure inventory
has been supplemented by information provided by the CGSand the area landowners for various structures
in the area.

Cross-sections of the open watercourses upstream and downstream of hydraulic structures have been
obtained based on LIDAR mapping provided for use in this study. Table 3.3.4 shows all major road crossings
along Junction Creek and four tributaries. The HECGRAS model incorporates these road crossings and
important water infrastructure such as culverts, bridges, etc. within the Subwatershed (refer to Figure C5in
Appendix C as a reference. Ma n n i mouglinsss coefficients have been established based upon a review
of air photos provided for use in this study . Development of the hydraulic model is discussed in Section
7.1.

Table 3.3.4: Location of Major Road Crossings
Stream Description No. Location Coordinates (NAD 83)

1 Pine St (Garson) 510507.00 mE | 5156766.00 m N

2 Birch St (Garson) 510450.00 mE | 5156189.00 m N

3 Orell St 510276.00 mE | 5155642.00 m N

4 Margaret St 509953.00 m E 5155650.00 m N

5 O'Neil Dr 508400.00 mE | 5155221.00 m N

6 Donnely Dr 507507.00 mE | 5154617.00 m N

7 Carr Ave 507231.00 m E 5154426.00 m N

8 Matson Road 506802.00 mE | 5153947.00 m N

Main From Garson 9 Maley Dr (East) 506646.00 m E 5153729.00 m N
Branchof | totheBox | 15 | padison Ave 505520.00mME | 5152973.00 m N

Junction Culvert
11 Christina Dr 506254.00 m E 5152954.00 m N
Creek Downtown

12 Lansing Ave 505441.00 mE | 5152533.00 m N

13 LaSalle at Main Creek | 504931.00 m E 5152051.00 m N

CN Rail @ Lasalleand
14 504727.00 m E 5151721.00 m N
Barrydowne

15 Barrydowne Rd 504277.00 m E 5151382.00 m N

16 | Atlee Ave 503606.00 m E 5151717.00 m N

17 Arthur St 503187.00 m E 5151762.00 m N

18 King St 501101.00 mE | 5150077.00 m N
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Stream Description No. Location Coordinates (NAD 83)
19 Bond St 501100.00 m E 5149887.00 m N
20 Leslie St 501167.00 m E 5149443.00 m N
21 Louis St 500932.00 m E 5149149.00 m N
22 Douglas St/ Brady St 500038.51 mE | 5148101.82mN
23 Riverside Dr 499686.00 m E 5147765.00 m N
From Box
Culvert 24 Regent St 499451.00 m E 5147420.00 m N
Downtown 25 McLeod St 499172.00 m E 5147217.00 m N
to Kelly Lake [ 5¢ ™ [ \1artindale Rd 49917752 mE | 5147225.00 m N
27 Kelly Lake Rd 497452.00 m E 5145917.00 m N
28 Maley Dr (West) 505838.00 m E 5153748.00 m N
Maley Dam
29 Madison Ave 505520.00 m E 5152973.00 m N
Nickeldale Lasalle Blvd at
30 ] 501584.00 m E 5152063.00 m N
Dam Nickeldale
Nolins Creek
upstream 32 Dufferin St 499489.00 m E 5149304.00 m N
of Kelly 33 | Paris St 500270.00mE | 5146570.00 m N
Lake From
Regent St (near Beverly
Ramsey Lake| 34 DY) 499499.00 m E 5146395.00 m N
to Robinson .
. Martindale Rd. (near
Lake (Lily 35 499046.00 m E 5146070.00 m N
Beverly Dr.)
Creek)
36 Bouchard St 498922.00 m E 5145279.00 m N

Watershed management must include climate change as a potential influence on both the natural and built
elements of the Subwatershed Climate change has added new challenges that need to be addressed in
planning subwatershed actions that will help to mitigate and a dapt to possible impacts of our changing
climate. The Greater Sudbury Area has already begun to experience changes in the local climate as reflected
by an assessment of trends over the period 1956 to 2008 figure 3.3.1). As illustrated, there is an indicaion
of upward trends for both precipitation and temperature. The exception to the overall trends is exhibited
by total summer precipitation which has had a small decrease of 6 mm over the 53 years of record.
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(Source: Ontario Centre for Climate Impacts and Adaptation Resources, n.d.)
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Recent studies reviewing climate change issues in the Sudbury area that offer insight into possible futures
regarding climate variables and associated phenomena have included:

1 Promoting Community Sustainability through Adaptive Responses to SociBconomt and Risk
Assessments of the Potential of Climate Change Scenarios in a Natural resourbased, midsized
Canadian Shield Community: Greater Sudbury, Ontariby Dr. L. Vasseur, Laurentian University, 2007.

1 Climate Change Position PaperPositioning the Nickel District Conservation Authority with the City
of Greater Sudbury in a Future Climate prepared for CShy Dr. L. Vasseur (Brock University and E.
McMillan (Laurentian University), March 2009.

1 Climate Change in Canada: Climate Scenarig for the Public Infrastructure Vulnerability Assessment
0 Sudbury Roads and Associated Infrastructure Case Stydhy Ouranos, January 2008. This study was
completed as a component of the First National Engineering Vulnerability Assessment Repord
Roads and Associated Infrastructure, City of Greater SudburyMarch 2008.

1 Climate Change Adaptation Case Study in the City of Greater SudbupOntario Centre for Climate
Impacts and Adaptation Resources, no date (n.d.).

As indicated by these studies, the following changes in climate are anticipated in the future in the Greater
Sudbury area:

I Temperatures could increase by as much as 2°C in summer and 1€ in winter for the period 2010
to 2039.

1 Shorter winter and longer summer seasons with close to twice asmany hot days (days with > 25°C)
and 4-6 times as many days > 30°C, compared to baseline 19611990 data.

1 Aslight (1%) increase in annual precipitation by 2020 following the general trends for Ontario and
Eastern CanadaVariable changes in seasonal distifpution with more falling as rain and less as snow.
Little change in rainfall amounts is expected during the summer months (June, July and August).
Total precipitation could increase by up to 10-15% by 2050.Changes in spring rainfall intensity and
snowmelt runoff has the potential to lead to flash flooding.

1 Snowfall is expected to decrease overall, with fewer minor snow storms (less than 20 cm) and more
large snow storms (20 cmor more)An i ncrease in the occurrence and
events isalso suggested.

1 Evapotranspiration rates will increase, particularly in the summer.

1 Longer dry periods between rain events, with the possibility of dr ought conditions in some years.

1 Water levels in Sudbury lakes may fluctuate thus impacting hydroelectricity, recreational activities,
drinking water supply, the environment ( e.g.,wetlands, shorelines) and water quality.

1 Vulnerable areas include water quality and quantity, municipal infrastructure, human health
especially for vulnerable populations, tourism, mining and forestry, culture (e.g., shifting range of
plants such as blueberries and others traditionally used by First Nations people and other Northern
Ontarians).

1 Higher temperatures and longer growing seasons may, over time, enhance forest and agriculure
productivity.

1 No changes are suggestedregarding wind frequency or intensity.

1 A shorter frost season and a decrease in freezethaw cycles are suggested.
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A variety of climate change groups are active in the area encompassing the CGS the Junction Creek
Subwatershed and the surrounding region. Actions focusing on climate change (both mitigation and
adaptation) are being championed by the CGS CS the Greater Sudbury Climate Change Consortiunt,
Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR) at MIRARCO/ Laurentian University,
and the Sudbury and District Health Unit.

The uncertainties associated with climate change can be a barrier toaction. A 0no regretso
adaptation approach embodies practices that are beneficial even in the absence of climate change.The CGS

has taken several actions to date, following this approach that will help the CGS manage the effects of

climate change even though the catalysts for these actions were founded in other initiatives and designed

to meet other goals. Some examples include:

1 TheCGSadopted a policy of installing all utilities services (cable, phone, electricity) via underground
wiring in new subdivisions and new roads.The cables are buried deep enough to avoid freeze thaw
cycle damage, and they are more resilient to ice or wind storms.

1 Through the Clean Water Act CSwas mandated to develop a source water protection plan for the
CG® s muahdrinkingpvater supply. CSis developing a GIS database to locate and examine the
status of groundwater resources, which could aid with future adaptation planning.

1 CGSEmergency Services is mapping infrastructure within the Sudburyarea that will help identify
potentially vulnerable, and critical, major infrastructure. The GIS layers will include demographic
data so that it is possible to map out vulnerable populations across the CGS which will also aid with
emergency response planning.Emergency Services will bring forward a policy document to Council
based on the information obtained by this mapping exercise regarding the protection of public
infrastructure and property.

Further, the 2008 Public Infrastructure Engineering Vulnerability Committee (PIEVC) vulnerability
assessment identified a lack of data available for the G5S% infrastructure, specifically, drainage related
infrastructure. This lack of information hampered the quantification of the vulnerability of drainage
infrastructure (culverts, bridges, ditches, catch basins and storm sewers) to the predicted increases intie
severity and frequency of rainfall events associated with climate change.This Study is directly assisting in
addressing the information gap associated with drainage-related infrastructure (refer to Section 2).

Additional climate information, with a focus on projected IDF rainfall data has been compiled for both the
existing and future timeframes. Existing IDF data is available fromEnvironment and Climate ChangeCanada
(ECCQ. Future estimates of frequency-based rainfall are available from a variety of tools including:

f University of Western Ontariods | DFCC Tool
1 Ontario Climate Change Data Portal and
1 Ontario Ministry of Transportation IDF Lookup Tool.

2 A partnership of the City of Greater Sudbury, Conservation Sudbury, Sudbury Catholic Schools, EarthCare Sudbury,
conseil scolaire catholique du Nouvel-Ontario, College Boréal, Vale, Rainbow Schools, Cambrian College, Coalition
for a Liveable Sudbury, Sudbury and District Health Unit, Laurentian University, Social Planning Council of Sudbury,
Citizend6s Climate Lobby
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Two long-term ECCC weather stations are in operation in the Sudbury area, namelySudbury Airport (ID
6068150) and Sudbury Science North (ID 6068158)IDF relationships for these stations are outlined in
Tables 3.3.5 and 3.3.6.

Table 3.3.6 highlights a difference in the IDF data as published by ECCC and that used by thelntensity-
Duration-Frequency Under Climate Change [DFCQ Tool to support future projection. The difference in IDF
data between the two sources stems from the annual maxima dataset used to create the IDF relationship.
In the case of the ECCC 2014 published IDF, the full record from 1959 to 1995 is used to generate the IDF
relationship although there is a gap in the data record from 1971 to 1985. The IDF relationship used for the
IDFCC Tool is based solely on the contiguous data record from 1986 to 1995. However, within the 1971 to
1985 data record there are years with no data.As such, IDF data for associated durations are not calculated
by the IDFCC Tool for this station.

Given the shorter data record associated with the Sudbury Science North ECCC station and the IDF data
issue outlined above, it is recommended that frequency-based rainfall from the Sudbury Airport station be
used for this Study as relevant.

Statistical trends analyses associated with the Sudbury Airport IDF relationship, provided as a component
of the ECCC IDF data package, are illustrated irFigure 3.3.2. Slopes associated with the trend lines are in
the range +0.10 (3 of 9 being negative) with the exception of the 12-hour and 24-hour durations, which are
larger and also negative. The IDF data outlined inTable 3.3.5 supports this general downward trend in
frequency rainfall.

Table 3.3.5: Sudbury Airpo rt (ID 6068150) 2014 IDF Relationships

Duration Total Rainfall (mm) by Return Period
2-year ‘ 5-year ‘ 10-year ‘ 25-year ‘ 50-year ‘ 100-year
Published 2007 (vith data to 2002, based on 32 years of recor}i
5 min 7.3 10.1 12.0 14.3 16.1 17.8
10 min 10.6 145 17.2 20.5 22.9 25.4
15 min 13.0 17.6 20.7 24.5 27.3 30.2
30 min 17.2 24.1 28.7 34.5 38.8 43.1
1 hour 21.3 29.6 35.0 41.9 47.0 52.1
2 hours 26.1 36.2 42.8 51.2 57.4 63.6
6 hours 36.4 47.5 54.8 64.1 71.0 77.8
12 hours 44.1 57.0 65.5 76.2 84.2 92.1
24 hours 50.2 65.8 76.1 89.2 98.9 108.5
Published 2014 (with data to 2006, based on 35 years of recorqused by the IDFCC Tool)
5 min 7.0 9.8 11.7 14.0 15.8 175
10 min 10.2 14.2 16.8 20.1 22.5 24.9
15 min 12.6 17.2 20.2 24.0 26.9 29.7
30 min 16.8 23.5 28.0 33.7 37.9 42.0
1 hour 20.7 28.8 34.2 41.0 46.1 51.1
2 hours 25.4 35.3 41.8 50.1 56.3 62.4
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. Total Rainfall (mm) by Return Period
2-year 5-year 10-year 25-year 50-year 100-year
6 hours 35.7 46.5 53.7 62.7 69.5 76.1
12 hours 43.3 55.8 64.2 74.7 82.5 90.2
24 hours 49.4 64.6 74.6 87.4 96.8 106.2
Table 3.3.6: Sudbury Science North (ID 6068158) IDF Relationships
) Total Rainfall (mm) by Return Period
Duration
2-year ‘ 5-year ‘ 10-year ‘ 25-year ‘ 50-year 100-year
Published 2007 ith data to 1995, up to 21 years of datg)
5 min -99.9 -99.9 -99.9 -99.9 -99.9 -99.9
10 min -99.9 -99.9 -99.9 -99.9 -99.9 -99.9
15 min 12.4 17.2 20.3 24.3 27.3 30.2
30 min 14.4 20.0 23.8 28.6 32.1 35.6
1 hour 17.9 24.9 29.6 35.4 39.8 441
2 hours 21.7 29.3 34.4 40.8 45.6 50.3
6 hours 30.3 41.4 48.8 58.1 65.1 71.9
12 hours 36.6 49.1 57.4 67.9 75.7 83.5
24 hours 42.0 57.2 67.2 79.9 89.3 98.6
Used by the IDFCC Tool (with data to 1995, 10 years of data)
5 min n/a n/a n/a n/a n/a n/a
10 min n/a n/a n/a n/a n/a n/a
15 min n/a n/a n/a n/a n/a n/a
30 min n/a n/a n/a n/a n/a n/a
1 hour n/a n/a n/a n/a n/a n/a
2 hours n/a n/a n/a n/a n/a n/a
6 hours n/a n/a n/a n/a n/a n/a
12 hours n/a n/a n/a n/a n/a n/a
24 hours 37.9 50.6 59.0 69.6 77.5 85.3
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Figure 3.3.2: ECCC IDF Trend Analysis for Sudbury Airport (ID 6068150)
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The following provides an estimation of future/projected IDF relationships has been completed using the
previously noted tools.

1 University of WesternOn t a rIDF6G@ T®ol
This computerized web-based IDF tooP integrates a user interface with a GIS.By creating or selecting
a station anywhere in Canada, the user is able to carry out statistical analysis on historical precipitation
data, as well as generate and verify possible future change based on a methodology using a
combination of global climate modelling outputs and locally observed weather data. The tool presently
embodies data from twenty -four (24) climate models.
Using this tool, IDF relationships have been estimated using an ensemble approach for the Sudbury
Airport (ID 6068150) weather station (ref. Table 3.3.7) for the three available Representative
Concentration Pathways (RCPs), namel y RCPsclilgate5, 4.5
policydéd scenario reflecting potentially hightsaseveri:t
future adhering to stringent climate policy to limit greenhouse gas emissions, reflecting potentially low
severity impacts. RCP 4.5 represents an intermediate scenario. In comparison to the Special Report
Emissions Scenarios (SRES), RCP 8.%d@newhat higher than SRESA2 (by 2100), RCP 4.5 is similar to
SRES1 and A1B scenariosand RCP 2.6 is lower han all of the SRES scenarios.
The future estimates of IDF for this station are in the range of +10% to +16% and +9% to +28% for the
2050 and 2080 estimates, respectively, as compared with 2014 ECCC 10P0-year 24-hour rainfall depth
for the ECCC Sudbury Airport station.

1 Ontario Climate Change Data Portal
The Ontario Climate Change Data Portat has incorporated the high-resolution (25 km x 25 km) climate
projections developed by the Institute for Energy, Environment and Sustainable Communities (IEESC)
at the University of Regina using the PRECIS model (under A1B emissions scenario) and the RegCM
model (under RCP 8.5 emissions scenario)Presently, projected IDF data is only available based on
climate projections under the A1B emissions scenario.
Using this tool, IDF relationships have been estimated for 2050 and 2080 as represented by the tri
decade periods 2035 to 2065 and 2065 to 2095, respectively(ref. Tables 3.3.7 to 3.3.9). The grid
location selected for projected IDF data is illustrated in Figure 3.3.3.
The future IDF estimates for this station are +102% and +127% for the 2050 and 2080 estimates,
respectively, as compared with 2014 ECCC IDB0O-year 24-hour rainfall depth for the ECCC Sudbury
Airport station.

3 Available via URLhttps://www.idf -cc-uwo.ca/
4 Available via URLhttp://ontarioccdp.ca/
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Table 3.3.7: Sudbury Airport (ID 6068150) 2050 IDF Relationships based on the IDFCC Tool

Duration 2050* Total Rainfall (mm) by Return Period
2-year ‘ 5-year | 10-year | 25-year 50-year 100-year
RCP 2.6
5 min 8.0 11.2 135 16.0 18.0 20.0
10 min 11.6 16.2 19.4 23.0 25.8 28.5
15 min 14.1 194 23.1 27.3 30.5 33.6
30 min 19.1 26.7 31.9 37.9 42.5 47.1
1 hour 23.2 32.5 38.9 46.2 51.8 57.3
hours 284 39.6 47.4 56.2 62.9 69.6
6 hours 38.9 51.0 59.4 69.0 76.3 83.5
12 hours 46.7 60.9 70.9 82.2 90.7 99.3
24 hours 53.5 70.8 82.9 96.6 106.9 117.3
RCP 4.5
5 min 8.1 11.8 14.1 16.9 19.0 21.1
10 min 11.8 17.0 20.2 24.2 27.1 30.1
15 min 14.3 20.4 24.1 28.7 32.1 35.5
30 min 19.3 28.2 334 40.0 44.9 49.8
1 hour 23.6 34.3 40.7 48.8 54.7 60.7
2 hours 28.9 41.8 49.5 59.3 66.5 73.7
6 hours 39.3 53.4 61.8 72.4 80.3 88.1
12 hours 47.2 63.8 73.7 86.1 95.4 104.6
24 hours 54.2 74.3 86.2 101.4 112.6 123.7
RCP 8.5
5 min 8.7 11.9 14.3 16.9 18.8 20.9
10 min 12.6 17.2 20.5 24.2 26.9 29.8
15 min 15.3 20.6 24.4 28.7 31.8 35.1
30 min 20.7 28.5 33.8 40.0 44.5 49.3
1 hour 25.3 34.7 41.3 48.8 54.3 60.0
2 hours 30.9 42.2 50.2 59.3 66.1 72.9
6 hours 41.5 53.9 62.6 72.5 79.9 87.3
12 hours 49.8 64.3 74.7 86.4 95.0 103.7
24 hours 57.3 74.9 87.4 101.6 112.1 122.6

Notes: defined by the tri -decade period 2035 to 2065
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Table 3.3.8: Sudbury Airport (ID 6068150) 2080 IDF Relationships based on the IDFCC Tool

Duration 20801 Total Rainfall (mm) by Return Period
2-year ‘ 5-year | 10-year ‘ 25-year 50-year 100-year
RCP 2.6

5 min 8.1 11.2 13.2 15.8 17.8 19.7
10 min 11.7 16.1 18.9 22.7 25.4 28.2
15 min 14.3 19.4 22.6 26.9 30.1 33.2
30 min 19.3 26.6 31.2 37.4 41.9 46.4
1 hour 23.5 32.4 38.0 45.5 51.1 56.5

hours 28.8 39.5 46.2 55.3 62.1 68.6
6 hours 39.2 50.8 58.1 68.0 75.4 82.4
12 hours 47.1 60.8 69.4 80.9 89.6 98.0
24 hours 54.0 70.6 81.1 95.1 105.6 115.7

RCP 4.5
5 min 8.5 11.9 14.3 17.4 19.7 21.9
10 min 12.3 171 20.5 25.0 28.1 31.2
15 min 15.0 20.5 24.5 29.6 33.2 36.8
30 min 20.4 28.2 34.0 41.4 46.7 51.8
1 hour 24.8 34.4 41.4 50.4 56.8 63.1
2 hours 30.4 41.9 50.4 61.3 69.1 76.7
6 hours 41.0 53.5 62.7 74.6 83.1 915
12 hours 49.1 63.9 74.7 88.7 98.6 108.5
24 hours 56.5 74.4 87.5 104.4 116.4 128.4
RCP 8.5

5 min 9.5 13.2 15.6 18.6 20.8 23.0
10 min 13.8 18.9 22.3 26.5 29.7 32.7
15 min 16.7 22.6 26.6 31.4 35.1 38.6
30 min 22.8 31.4 37.1 44.1 49.5 54.6
1 hour 27.7 38.3 45.2 53.7 60.3 66.5
2 hours 33.9 46.7 55.1 65.4 73.5 81.0
6 hours 44.8 58.7 68.0 79.2 88.1 96.3
12 hours 53.6 70.0 80.9 94.2 104.5 114.4
24 hours 61.9 81.7 95.0 111.0 1235 1355

Notes: defined by the tri -decade period 2065 to 2095
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Table 3.3.9: Sudbury IDF Relationships based on the Ontario Climate Data Portal

Duration Total Rainfall (mm) by Return Period
2-year 5-year | 10-year ‘ 25-year 50-year 100-year
2050 (90" Percentile)

5 min 6.3 10.3 13.0 16.4 19.0 215
10 min 9.9 16.4 20.7 26.1 30.2 34.2
15 min 12.5 20.7 26.1 33.0 38.1 43.1
30 min 17.6 29.1 36.7 46.2 53.2 60.2
1 hour 23.8 38.7 48.5 60.8 69.9 79.0

hours 31.2 49.7 61.9 77.3 88.8 100.1
6 hours 46.7 72.2 89.1 110.4 126.2 141.8
12 hours 59.9 90.6 111.0 136.7 155.8 174.6
24 hours 76.3 113.3 137.8 168.5 191.5 214.1

2080 (90" Percentile)

5 min 6.7 11.3 14.7 18.9 22.1 25.3
10 min 10.7 18.1 23.4 30.0 35.0 39.9
15 min 135 23.0 29.4 37.7 43.9 50.0
30 min 19.1 32.6 41.4 52.4 60.7 68.9
1 hour 25.8 43.5 55.0 69.4 80.1 90.8
2 hours 33.8 55.9 70.3 88.4 101.8 115.1
6 hours 50.1 80.0 99.7 124.4 142.7 160.9
12 hours 63.7 90.1 122.8 152.5 174.5 196.4
24 hours 80.6 122.4 151.0 187.2 2141 240.7

Notes: 2050 is represented by the tri-decade 2035 to 2065, 2080 is represented by the tri-decade 2065 to
2095
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Figure 3.3.3:  Ontario Climate Data Portal Grid Location Used for ~ Projected IDF Estimation
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